Abstract Because of the decreasing number of individuals and the unsuccessful reproduction of captive gorillas, the documentation of the development of gorilla infants is attracting much attention in Japan. The aim of this study was to document the social development of a captive gorilla infant in Higashiyama Zoo. We recorded the activity budgets, proximity data, approach, and moving away of this infant, Ai, at 7 and 19 months of age, and the ways of infant-carrying at 19 months of age. In her first year, Ai started to be independent of her mother and to approach a nonkin female gorilla by herself. During the same period, the two ways of infant-carrying which gorilla infants display in different developmental stages were shown: carrying in the ventro-ventral position and ventro-dorsal position. These results revealed the developmental change of the relationship between Ai and each adult individual. The accumulation of case reports such as this study will help to understand the development of gorilla infants in captivity. Based on such understanding, the welfare and management of the captive gorilla population in Japan may be improved.
Introduction
This study is a case report of the social development of a captive gorilla infant. This case provided an important opportunity to study the social development of a gorilla infant, because there have been few studies on the effects of captive conditions on the development of gorillas, and on the relationship of gorilla infants to the mother and nonkin individuals. In order to investigate the social development of a captive gorilla infant, we documented the behavior of a gorilla group in Higashiyama Zoo, Nagoya, which consisted of two adult females and one infant born in 2003. During the first year, the infant often moved apart from her mother, and the accrued influence of a nonkin female on the infant's development was observed. We observed two infantcarrying behaviors during the same period, which appeared at different developmental stages. The number of captive gorillas living in Japan decreased from 49 in 1990 to 31 in 2002 (Yoshida, 2003) . Only three gorilla infants have been born in Japan since 1997. Understanding the development of gorilla infants is essential for sustaining Japanese gorilla groups, but is insufficient at present. Thus, the documentation of the social development of gorilla infants is important for zookeepers. Various environmental factors should affect the development of gorilla infants. In particular, the requirements of gorilla infants regarding the physical environment and social relationships may be different from those of adults because the locomotor ability of infants is different from that of adults. Gorilla infants spend most of their time holding onto their mother's ventrum because of their undeveloped locomotor ability for a year after birth (Fossey, 1979) . Gorilla infants have fewer interactions with the physical environment than adults. Therefore, the social environment is expected to be a highly influential factor during the early development of the infants.
In the present study, we documented the social development of a gorilla infant in captivity and highlighted the importance of social aspects of development which should be seriously considered, especially because most captive gorillas in Japan live alone or in pairs (Yoshida, 2003) .
Methods

Subjects
The subjects were a mother-infant pair of Western lowland gorillas (Gorilla gorilla gorilla), Nene and Ai, and a nonkin adult female of the same species, Oki, all of whom resided together. Ai (female) was born on February 27, 2003 from natural mating between Ricky (male, approximately 31 years old) and Nene (female, approximately 32 years old) at Higashiyama Zoo. Ai was held by her mother, Nene, immediately after birth, and was reared by her afterwards. Ricky, Ai's father, died of cardiac failure on March 4, 2003, just a few days after Ai's birth. Oki (approximately 47 years old) had had one stillbirth before this study. The three adult gorillas were of wild origin. The gorillas stayed in an outdoor yard from 9:30 a.m. to 3:30 p.m. and in an indoor room the rest of the day. The outdoor yard was approximately 414 m 2 enclosed by a concrete-based dry moat of 3.5 m in depth, and the gorillas had access to the bottom of the moat. The top of the yard was entirely covered with grass of about 10 cm in height.
All three gorillas stayed together throughout the night. The gorillas were fed in the indoor room twice a day: before their departure to the outdoor yard and after their return from the outdoor yard.
Data collection
In this study, all data were collected in the outdoor yard. We made direct observations and recorded the subjects' behavior in notebooks. We focused on five parameters, namely, 1) activity budgets, 2) proximity duration, 3) direction of the approach and moving away, 4) ways of infant-carrying, and 5) interaction associated with infant-carrying. The data of the activity budgets, proximity duration, and direction of the approach and the moving away from other individuals were collected in 30-min sessions. The total number of observation sessions was 15 ( 
Data analysis
In the data analyses of activity budgets, all behaviors were classified into five categories: contact, wall-licking, stereotypic behaviors, locomotion, and resting. Contact was defined as physically touching another individual with any part of the body. In this category, we also recorded the individual with whom contact was shared. In the locomotion category, which was defined as walking, running, and infant-carrying, we recorded the approach, which means that one individual came within arm's reach of another individual, and the moving away, which means that one individual went out of proximity, and other types of locomotion. Wall-licking was licking the same point on the walls of the enclosure repeatedly and persistently. Stereotypic behaviors included regurgitating and licking hands. Resting included miscellaneous behaviors which were not categorized into other types of behaviors. We analyzed the duration of the behavior in each category, the frequency of approach and moving away, and the duration during which Ai was proximate to each individual adult. The way of infant-carrying of Ai by either of the adult gorillas was classified into two categories: ventro-ventral position (the infant was held on the adult's ventrum), and ventro-dorsal position (the infant rode on the adult's back). Only these two categories of infant-carrying were observed, and the frequency of each way of infant-carrying was analyzed. For interactive behaviors during pre-infant-carrying, the initiators and the ways how the infant was carried were recorded.
Results
The from Oki: F(1,26) ＝28.4 p ＝.0001). Nene's approach to and moving away from Ai increased significantly, while Oki's approach to and moving away from Ai showed no significant differences (Nene's approach to Ai: F(1,26) ＝31.3 p ＝.0001, Nene's moving away from Ai: F(1,26) ＝12.7 p ＝.001, Oki's approach to Ai: F(1,26) ＝0.22 p ＝.64, Nene's moving away from Ai: F(1,26) ＝2.5 p ＝.13). The way of infant-carrying showed differences between the mother and the nonkin female (Table 1) . With her mother (Nene), Ai locomoted in the ventro-ventral position (i.e., clinging onto her mother's ventrum), not in the ventro-dorsal position (i.e., piggyback riding) (chi-square test: χ 2 (1) ＝78.17 p .001).
The interaction between Ai and the individual adults in relation to transportation is shown in Table 2 . Neither mother Nene's attempt to push Ai onto her back nor Ai's 
Discussion
The results of this study showed that both contact and proximity between Ai and her mother, Nene, decreased, while those between Ai and the nonkin adult, Oki, increased. The results suggest that the behavior of the adult gorillas and Ai and the interaction between them changed as Ai developed. These changes might indicate that Ai started to be independent of her mother and that she formed her own relationship with Oki. Fossey (1979) reported that wild infant gorillas of 12-24 months start interacting socially with individuals such as other infants, juveniles and the silverback males. The same tendency was confirmed in the subject infant of this study. This tendency appeared to have been due to the developmental changes of Ai, not to The social environment has been reported to affect the early development of gorilla infants in groups that consisted of more individuals than the group in this study (Crosby & Lukas, 2004; Maple & Warren-Leubecker, 1983; Meder, 1989; Meder, 1990; Nakamichi, Silldorff, Bringham, & Sexton, 2004) . As in those studies, Ai's demand for contact with her mother might have decreased, while her demand for other environmental factors, including the nonkin female, might have increased from the age of 7 months to 19 months in the group studied here. Ai showed different behaviors in different stages of her development according to the infant-carrying partner. At the age of 19 months, she was carried by her mother in the ventro-ventral position. Switch to the ventro-dorsal carrying was delayed compared with that observed in the wild. The ways in which infants of great apes choose to travel with adults change with the progeny's development. In all three great ape genera, very young infants travel in a ventro-ventral position with their mothers' support (Fossey, 1979; Maple, Wilson, Zucker, & Wilson, 1978) . The ventro-dorsal position is typically observed 1 year after birth (Fossey, 1979; Hoff, Nadler, & Maple, 1983) . In this study, the ways of infant-carrying by the mother and the nonkin female differed according to the developmental stage of the infant. The development of Ai's locomotion ability was not delayed, as indicated by the fact that the way of infant-carrying by the nonkin female was suitable for the infant's age. The fact that the infant was the infant-carrying initiator in many cases suggests that she chose the way of infant-carrying according to her relationship with the partner. She might have formed different relationships based on her kinship with the adults. In addition to these aspects of social development, a characteristic change of Ai's behavior was the emergence of wall-licking, which seemed to be a stereotypic behavior. Regurgitating, coprophagy, self-mutilation, intimidation, and aggressiveness were the stereotypic behaviors observed in captive gorillas (Lukas, 1999; Pizzutto, Nichi, Corrêa, Ades, & Guimarães, 2007) . These authors concluded that the occurrence of stereotypic behavior indicated a deficient environment and inadequate animal welfare. However, it was unclear whether the wall-licking, which emerged characteristically in 2004, indicated some difficulty in Ai's development. In the Higashiyama group, adult individuals, particularly the mother Nene, also licked the wall. In the case of wild chimpanzees, Matsuzawa et al. (2001) showed that the infants of chimpanzees observed the behaviors of other individuals and learned them. Therefore, the wall-licking behavior of Ai might not have been a stereotypic behavior: she might have observed the behavior of the adults and acquired it as a new behavior. It is also possible that the subjects obtained minerals by licking the wall. Thus, the emergence of wall-licking by Ai might or might not have been an abnormal developmental change. This was an observational study of only one gorilla infant. This case report, however, revealed aspects of the social and behavioral development of an infant gorilla in Japan. Studies such as this should be invaluable for helping to understand and improve the healthy development of gorilla infants in captivity. Based on such understanding, adequate management to stabilize the population of captive gorillas in Japan can be planned.
